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(57) ABSTRACT

A smart key apparatus and a method of processing a signal
from the smart key apparatus is provided and the smart key
apparatus includes a plurality of antennas that receive a Low
Frequency (LF) signal from a vehicle via a plurality of
reception axes. In addition, an LF reception controller
receives the LF signal via a reception antenna which is
determined by sequentially verifying a reception level
according to a set order of the plurality of antennas when
receiving the LF signal and determines an antenna having a
highest reception level as a reception antenna by comparing
a reception level that corresponds to a plurality of antennas
respectively. A signal processing unit processes the LF
signal received via the reception antenna.

8 Claims, 6 Drawing Sheets
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1
SMART KEY APPARATUS AND METHOD
FOR PROCESSING SIGNAL OF SMART KEY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on and claims priority from
Korean Patent Application No. 10-2013-0068509, filed on
Jun. 14, 2013 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

1. Field of the Invention

The present invention relates to a smart key apparatus and
a method for processing a signal thereof, and more particu-
larly, to an apparatus and a method for processing a signal
when a communication error occurs during the communi-
cation between a vehicle and a smart key.

2. Description of the Related Art

In general, a smart key system receives a low frequency
(LF) signal which is received from a vehicle by a smart key
via an LF antenna, determines a communication code, and
transmits a radio frequency (RF) signal to the vehicle based
on the determination result. A method of determining the
communication code for a three-axis reception antenna
includes determining an antenna which received a radio
signal that has a receive sensitivity greater than a threshold
value according to a priority of each axis, and receiving a
signal via a corresponding antenna.

However, in this case, since the reception antenna is
determined based on the priority, even though an antenna
having a low priority receives a radio signal having a higher
receive sensitivity, an antenna having a higher priority may
be determined as a reception antenna despite the low recep-
tion level. When the receiving sensitivity of the reception
antenna is approximately a threshold value level, a commu-
nication error may occur during the communication.

SUMMARY

The present invention provides a smart key apparatus and
a method for processing a signal thereof which rapidly
processes a communication error by receiving a signal via an
antenna which has a highest reception level among antennas
of each axis disposed within a smart key when the commu-
nication error occurs during the communication between a
vehicle and the smart key.

The present invention further provides a smart key appa-
ratus and a method for processing a signal thereof which
increase a reception efficiency of a reception antenna by
changing the reception level of the other antennas except for
the antenna having the highest reception level among the
antennas of each axis disposed within the smart key into the
lowest reception level.

The present invention further provides a smart key appa-
ratus and a method for processing a signal thereof which
processes a communication error of a smart key by changing
a logic of the method.

In accordance with an aspect of the present invention, a
smart key apparatus may include: a plurality of antennas that
receive a Low Frequency (LF) signal from a vehicle via a
plurality of reception axes; an LF reception controller that
receives the LF signal via a reception antenna which is
determined by sequentially verifying a reception level
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according to a set order of the plurality of antennas when
receiving the LF signal, and determines an antenna having
a highest reception level as a reception antenna by compar-
ing a reception level that corresponds to a plurality of
antennas respectively; and a signal processing unit that
processes the LF signal received via the reception antenna.
The LF reception controller may be configured to determine
an antenna of a first order which has a reception level that
is a reference value or more among the plurality of antennas
as a reception antenna when a communication error with the
vehicle does not occur. The LF reception controller may be
configured to execute a reception level that corresponds to
the plurality of antennas. In addition, the LF reception
controller may be configured to change the reception level of
the remaining antennas except for the reception antennas
when a communication error with the vehicle occurs. The
LF reception controller may be configured to change a
reception level of the remaining antennas to a lowest level.
Further, the LF reception controller may be configured to
determine that the vehicle does not exist (e.g., the vehicle is
not located) within a communication area when a reception
level of a reception antenna which is determined when
communication error occurs with the vehicle is less than a
reference value. The plurality of antennas may include: a
first LF antenna that receives an LF signal from an x-axis;
a second LF antenna that receives an LF signal from a
y-axis; and a third LF antenna that receives an LF signal
from a z-axis.

In accordance with another aspect of the present inven-
tion, a method for processing a signal of a smart key
apparatus may include: determining, by a controller, a first
reception antenna by sequentially verifying a reception level
according to a set order of a plurality of antennas when
receiving a LF signal from the plurality of antennas which
receive a Low Frequency (LF) signal from a vehicle via a
plurality of reception axes; processing, by the controller, an
LF signal which is received via the first reception antenna;
comparing, by the controller, a reception level that corre-
sponds to each of the plurality of antennas when a commu-
nication error with the vehicle occurs; determining, by the
controller, an antenna having a highest reception level
among the plurality of antennas as a second reception
antenna based on the comparison; and processing, by the
controller, an LF signal which is received via the second
reception antenna.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present inven-
tion will be more apparent from the following detailed
description in conjunction with the accompanying drawings,
in which:

FIG. 1 is an exemplary diagram illustrating a system
configuration to which a smart key apparatus is applied
according to an exemplary embodiment of the present
invention;

FIG. 2 is an exemplary block diagram illustrating a
configuration of a smart key apparatus according to an
exemplary embodiment of the present invention;

FIG. 3 is an exemplary diagram illustrating a reception
signal processing operation of a smart key according to an
exemplary embodiment of the present invention;

FIG. 4 is an exemplary diagram illustrating a reception
signal processing operation during a communication error of
a smart key apparatus according to an exemplary embodi-
ment of the present invention;
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FIG. 5 is an exemplary flow chart illustrating an operation
flow corresponding to a signal processing method of a smart
key according to an exemplary embodiment of the present
invention; and

FIG. 6 is an exemplary flow chart illustrating an operation
flow corresponding to a retry method of a smart key appa-
ratus according to an exemplary embodiment of the present
invention.

DETAILED DESCRIPTION

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various com-
mercial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, combustion, plug-in hybrid electric
vehicles, hydrogen-powered vehicles and other alternative
fuel vehicles (e.g. fuels derived from resources other than
petroleum).

Although exemplary embodiment is described as using a
plurality of units to perform the exemplary process, it is
understood that the exemplary processes may also be per-
formed by one or plurality of modules. Additionally, it is
understood that the term controller/control unit refers to a
hardware device that includes a memory and a processor.
The memory is configured to store the modules and the
processor is specifically configured to execute said modules
to perform one or more processes which are described
further below.

Furthermore, control logic of the present invention may
be embodied as non-transitory computer readable media on
a computer readable medium containing executable program
instructions executed by a processor, controller/control unit
or the like. Examples of the computer readable mediums
include, but are not limited to, ROM, RAM, compact disc
(CD)-ROMs, magnetic tapes, floppy disks, flash drives,
smart cards and optical data storage devices. The computer
readable recording medium can also be distributed in net-
work coupled computer systems so that the computer read-
able media is stored and executed in a distributed fashion,
e.g., by a telematics server or a Controller Area Network
(CAN).

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items.

Exemplary embodiments of the present invention are
described with reference to the accompanying drawings in
detail. The same reference numbers are used throughout the
drawings to refer to the same or like parts. Detailed descrip-
tions of well-known functions and structures incorporated
herein may be omitted to avoid obscuring the subject matter
of the present invention.

FIG. 1 is an exemplary diagram illustrating a system
configuration to which a smart key apparatus is applied
according to an exemplary embodiment of the present
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invention. Referring to FIG. 1, the smart key apparatus 100,
executed by a controller, according to the present invention
may be configured to process a signal via a communication
with a vehicle 200. In particular, when a Low Frequency
(LF) signal is transmitted from a LF antenna of a smart key
unit disposed within the vehicle 200, the LF antenna of a
smart key apparatus 100 may be configured to receive the LF
signal. Specifically, the LF antenna of the smart key appa-
ratus 100 may be configured to receive the LF signal via a
plurality of reception axes, and in an exemplary embodiment
of the present invention, the LF signal may be received via
the LF antenna of three axes (x-axis, y-axis, z-axis) as an
example, however, it is not limited thereto.

Moreover, the smart key apparatus 100 may be configured
to process the received LF signal, and transmit the response
signal that corresponds to the signal thereof to the smart key
unit of the vehicle 200. In particular, the smart key apparatus
100 may be configured to transmit the response signal as an
radio frequency (RF) scheme. The smart key unit may be
configured to transmit a wake-up signal to the smart key
apparatus 100 for a smooth communication with the smart
key apparatus 100, and the reception antenna of the smart
key apparatus 100 may be determined when the smart key
apparatus 100 responds to the wake-up signal.

Accordingly, a configuration of the smart key apparatus
100 is described in more detail with reference to FIG. 2. FIG.
2 is an exemplary block diagram illustrating a configuration
of'a smart key apparatus according to an exemplary embodi-
ment of the present invention. As illustrated in FIG. 2, the
smart key apparatus 100 may include a first LF antenna 110,
a second LF antenna 120, a third LF antenna 130, a LF
reception controller 140, a signal processor 150, and a RF
communication unit 160.

The first LF antenna 110 may be an LF antenna that has
an x-axis as the reception axis, the second LF antenna 120
may be an LF antenna that has a y-axis as the reception axis,
and the third LF antenna 130 may be an antenna that has a
z-axis as the reception axis. The first LF antenna 110, the
second LF antenna 120, and the third LF antenna 130 may
be configured to receive the LF signal of the vehicle from the
x-axis, y-axis, and z-axis respectively, and deliver the
received LF signal to the LF reception controller 140. In
addition, a reception level of the first LF antenna 110, the
second LF antenna 120, and the third LF antenna 130 may
be adjusted by the LF reception controller 140.

Moreover, each LF antenna may have order information.
For example, each LF antenna may have order information
that corresponds to the first order to the first LF antenna 110,
the second order to the second LF antenna 120, and the third
order to the third LF antenna 130. In particular, the LF
reception controller 140 may be configured to verify the
reception level sequentially according to the order informa-
tion of each LF antenna when the wake-up signal for
operating the smart key is received from the vehicle via the
first LF antenna 110, the second LF antenna 120, and the
third LF antenna 130.

The LF reception controller 140 may be configured to
determine the LF antenna of the first order which has a
reception level greater than a reference value among the first
LF antenna 110, the second LF antenna 120, and the third LF
antenna 130 as the reception antenna. As an example, the LF
reception controller 140 may be configured to verify the
reception level of the first LF antenna 110 which has the
earliest order information. When the reception level of the
first LF reception antenna is the reference value or greater,
the LF reception controller 140 may be configured to
determine the first LF antenna 110 as the reception antenna
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without verifying the reception level for the LF antenna of
the following order. On the other hand, when the reception
level of the first LF antenna is less than the reference value,
the LF reception controller 140 may be configured to verify
the reception level of the second LF antenna 120 that
corresponds to the next order. In particular, the LF reception
controller 140 may be configured to determine the second
LF antenna 120 as the reception antenna without verifying
the reception level for the LF antenna of the following order
when the reception level of the second LF reception antenna
is the reference value or greater. Additionally, when the
reception level of the second LF reception antenna is less
than the reference value, the LF reception controller 140
may be configured to verify the reception level of the third
LF antenna 130 that corresponds to the next order. In
particular, the LF reception controller 140 may be config-
ured to determine the third LF antenna 130 as the reception
antenna when the reception level of the third LF reception
antenna is the reference value or greater. When the reception
level of the third LF reception antenna is less than the
reference value, since the reception level of all LF antennas
that correspond to the LF signal transmitted from the vehicle
is less than the reference value, the LF reception controller
140 may be configured to determine that the vehicle does not
exist (e.g., is not located) within the communication area of
the corresponding smart key.

Moreover, when the communication error occurs while
receiving the signal via the LF antenna which is determined
as the reception antenna among the first LF antenna 110, the
second LF antenna 120, and the third LF antenna 130, the LF
reception controller 140 may be configured to verify and
compare the reception level that corresponds to the first LF
antenna 110, the second LF antenna 120, and the third LF
antenna respectively. In particular, the LF reception control-
ler 140 may be configured to determine the LF antenna
which has the highest reception level among the first LF
antenna 110, the second LF antenna 120, and the third LF
antenna 130 as the reception antenna.

As an example, under the assumption that the reference
value of the reception level of each LF antenna is level 5,
when the reception level of the first LF antenna 110 is level
5, the reception level of the second LF antenna 120 is level
3, and the reception level of the third LF antenna 130 is level
7 with respect to the wake-up signal received from the
vehicle, then, the LF reception controller 140 may be
configured to determine the third LF antenna 130 which has
level 7 that is the highest reception level as the reception
antenna. In other words, when the communication error
between the vehicle and the smart key occurs, the LF
reception antenna may be configured to determine the third
LF antenna 130 which has the highest reception level as the
reception antenna on behalf of the first LF antenna 110
which has the earliest order and has the reception level of the
reference value or greater to increase a signal sensitivity for
the signal which is transmitted from the vehicle.

Further, the LF reception antenna may be configured to
determine the LF antenna having the highest reception level
as the reception antenna, and change the reception level of
the other LF antennas except for the reception antenna as the
lowest level. As an example, the LF reception controller 140
may be configured to operate the reception level of the
remaining LF antennas as the lowest level by executing an
electric current flowing in a coil-type element included in
the remaining LF antennas except for the reception antenna.
The signal processor 150, executed by the controller, may be
configured to process an operation that corresponds to the
signal received from the reception antenna which is deter-
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mined by the LF reception controller 140, and transmit a
corresponding response signal to the vehicle via the RF
communication unit 160.

FIG. 3 is an exemplary diagram which explaining a
reception signal processing operation of a smart key appa-
ratus according to an exemplary embodiment of the present
invention. In FIG. 3, it is assumed that the order information
of'the third LF antenna that corresponds to a z-axis is the first
order, the second antenna that corresponds to y-axis is the
second order, and the first antenna that corresponds to an
x-axis is the third order.

As illustrated in FIG. 3, when a ‘wake’ signal is trans-
mitted from the vehicle, the operation signal may be
received from the vehicle via the first LF antenna, the second
LF antenna, and the third LF antenna respectively. The smart
key apparatus may be configured to verify whether the
reception level of the third antenna that corresponds to the
first order is the reference value or greater according to the
order information of each LF antenna. In particular, since the
signal reception level of the third LF antenna is the reference
value or greater despite the reception level of other LF
antennas, the smart key apparatus may be configured to
determine the third LF antenna as the reception antenna, and
transmit a ‘pre-res’ signal as a pre-response to thereof.

After that, when a ‘request’ signal is received from the
vehicle, the smart key apparatus may be configured to
process a required operation based on the ‘request’ signal
which is received from the vehicle via the third LF antenna
that is determined as the reception antenna, and transmit the
‘response’ signal to the vehicle as the response correspond-
ing to the signal thereof.

FIG. 4 is an exemplary diagram which explaining a
reception signal processing operation during a communica-
tion error of a smart key apparatus according to an exem-
plary embodiment the present invention. Likewise, in FIG.
4, it is assumed that the order information of the third LF
antenna that corresponds to a z-axis is the first order, the
second antenna that corresponds to a y-axis is the second
order, and the first antenna that corresponds to an x-axis is
the third order.

As illustrated in FIG. 4, when the communication error
occurs during the communication between the smart key
apparatus and the vehicle in the same manner as FIG. 3, a
‘wakel’ signal may be received from the vehicle via the first
LF antenna, the second LF antenna, and the third LF antenna
respectively when the ‘wakel’ signal is transmitted from the
vehicle.

Furthermore, the smart key apparatus, executed by the
controller, may be configured to verify and compare the
reception level that corresponds to the first LF antenna, the
second LF antenna, and the third LF antenna respectively.
The smart key apparatus may be configured to determine the
first LF antenna which has a highest reception level for the
‘wakel’ among the first LF antenna, the second LF antenna,
and the third LF antenna as the reception antenna, and
transmit the ‘pre-res’ signal as the pre-response that corre-
sponds to the signal thereof. In particular, the smart key
apparatus may be configured to change the reception level of
remaining LF antennas except for the reception antenna, that
is, the second LF antenna and the third LF antenna as the
lowest level. Additionally, when a ‘wake2’ signal is trans-
mitted from the vehicle, the smart key apparatus may be
configured to receive the ‘wake2’ signal from the vehicle via
the first LF antenna determined as the reception antenna, and
transmit the ‘pre-res’ signal as the pre-response that corre-
sponds to the signal thereof to the vehicle.
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Hereafter, when a ‘request’ signal is received from the
vehicle, the smart key apparatus may be configured to
process a required operation based on the ‘request’ signal
received via the first LF antenna which is determined as the
reception antenna, and transmit the ‘response’ signal as the
response that corresponds to the signal thereof to the vehicle.

The signal processing operation flow of the smart key
apparatus configured as described above according to an
exemplary embodiment of the present invention is as fol-
lows. FIG. 5 is an exemplary flow chart illustrating an
operation flow that corresponds to a signal processing
method of a smart key apparatus according to an exemplary
embodiment of the present invention. An exemplary
embodiment of FIG. 5 is illustrated on the assumption that
order information of each antenna is in order of a first
antenna, a second antenna, and a third antenna.

As illustrated in FIG. 5, when a wake-up signal is received
from the vehicle via the provided first antenna, the second
antenna, and the third antenna (S100), the smart key appa-
ratus, executed by a controller, may be configured to com-
pare the reception level of the first antenna with the refer-
ence value by setting the first antenna which has the earliest
order as an initial value (S110, S120). When the reception
level of the first antenna is the reference value or greater, the
smart key apparatus may be configured to determine the first
antenna as the reception antenna (S130), and transmit the
pre-response signal to the vehicle (S140). Next, the smart
key apparatus may be configured to process the request
signal which is received via the reception antenna that is
determined in step ‘S140° (S150).

Moreover, when the reception level of the first antenna is
less than the reference value in step ‘S120°, the smart key
apparatus may be configured to verify the reception level of
antenna that corresponds to the next order after step ‘S170°
and step ‘S180°. In other words, by comparing the reception
level of the second antenna with the reference value, the
smart key apparatus may be configured to verify whether the
reception level of the second antenna is the reference value
or greater, and verify whether the reception level of the third
antenna that corresponds to the next order is the reference
value or greater when the reception level of the second
antenna is less than the reference value. When the reception
level of the first antenna is less than the reference value, and
the reception level of the second antenna is the reference
value or greater, the second antenna may be determined to
be the reception antenna. In addition, when the reception
levels of the first antenna and the second antenna are less
than the reference value, and the reception level of the third
antenna is the reference value or greater, the third antenna
may be determined as the reception antenna.

Furthermore, when the reception level of the third antenna
is less than the reference value, the smart key (e.g., FOB)
may be determined to not exist within the communication
area as the third antenna is the LF antenna of the last order,
such that the operation is terminated (S190).

When the communication error between the smart key
apparatus and the vehicle occurs while performing step
‘S150° (S160), the smart key apparatus may be configured to
enter a retry sequence to perform the steps after ‘A’ of FIG.
6. As shown in FIG. 6, when the first wake-up signal is
received from the vehicle (S200), the smart key apparatus
may be configured to verify the reception level of each LF
antenna (S210), determine the antenna that has the minimum
reception level as the reception antenna (S220), and change
the reception level of the remaining LF antennas except for
the reception antenna into the lowest level (S230).
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Furthermore, the smart key apparatus may be configured
to transmit the pre-response signal that corresponds to the
reception antenna which is determined in step ‘S220° to the
vehicle (S240), and compare the signal reception level of the
reception antenna with the reference value when the second
wake-up signal is received from the vehicle via the reception
antenna (S250). When the reception level of the reception
antenna is less than the reference value (S260), the step
‘S190° of FIG. 5 is performed. When the reception level of
the reception antenna is the reference value or greater
(S260), a corresponding pre-response signal may be trans-
mitted to the vehicle (S270), and then, the request signal
received via the reception antenna may be processed (S280).

According to an exemplary embodiment of the present
invention, when a communication error occurs during a
communication between a vehicle and a smart key, the
communication error may be processed quickly by receiving
the signal via the antenna which has the highest reception
level among the antennas of each axis disposed within the
smart key. In addition, a reception efficiency of the reception
antenna may be increased by changing the reception level of
the remaining antennas except for the antenna which has the
highest reception level among the antennas of each axis
disposed within the smart key as the lowest level. Further,
the cost may be decreased since it may be possible to
implement a function of processing a communication error
of a smart key by changing a logic.

Although exemplary embodiments of the present inven-
tion have been described in detail hereinabove, it should be
clearly understood that many variations and modifications of
the basic inventive concepts herein taught which may appear
to those skilled in the present art will still fall within the
spirit and scope of the present invention, as defined in the
accompanying claims.

What is claimed is:

1. A method for processing a signal of a smart key
apparatus, the method comprising:

determining, by a controller, a first reception antenna by

sequentially verifying a reception level according to a
set order of a plurality of antennas when receiving a
Low Frequency (LF) signal from the plurality of anten-
nas which receive the LF signal from a vehicle via a
plurality of reception axes;

processing, by the controller, the LF signal which is

received via the first reception antenna;
comparing, by the controller, a reception level that cor-
responds to each of the plurality of antennas when a
communication error with the vehicle occurs;

determining, by the controller, an antenna having a high-
est reception level among the plurality of antennas as a
second reception antenna based on the comparison and
changing, by the controller, the reception level of
remaining antennas into a lowest level; and

processing, by the controller, the LF signal which is
received via the second reception antenna.

2. The method of claim 1, wherein determining a first
reception antenna includes:

verifying, by the controller, the reception level of the

plurality of antennas; and

determining, by the controller, an antenna of a first order

which has the reception level that is a reference value
or greater as the first reception antenna.

3. The method of claim 1, wherein, before processing the
LF signal which is received via the second reception
antenna, further includes;

changing, by the controller, the reception level of the

remaining antennas.
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4. The method of claim 1, further comprising:

determining, by the controller, that the vehicle does not

exist within a communication area when the reception
level of the second reception antenna is less than a
reference value.

5. A non-transitory computer readable medium containing
program instructions executed by a controller, the computer
readable medium comprising:

program instructions that determine a first reception

antenna by sequentially verifying a reception level
according to a set order of a plurality of antennas when
receiving a Low Frequency (LF) signal from the plu-
rality of antennas which receive the LF signal from a
vehicle via a plurality of reception axes;

program instructions that process the LF signal which is

received via the first reception antenna;

program instructions that compare a reception level that

corresponds to each of the plurality of antennas when
a communication error with the vehicle occurs;
program instructions that determine an antenna having a
highest reception level among the plurality of antennas
as a second reception antenna based on the comparison
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and change the reception level of the remaining anten-
nas into a lowest level; and
program instructions that process the LF signal which is
received via the second reception antenna.
6. The non-transitory computer readable medium of claim
5, further comprising:
program instructions that verify the reception level of the
plurality of antennas; and
program instructions that determine an antenna of a first
order which has the reception level that is a reference
value or greater as the first reception antenna.
7. The non-transitory computer readable medium of claim
5, further comprising:
program instructions that change the reception level of the
remaining antennas before processing the LF signal
which is received via the second reception antenna.
8. The non-transitory computer readable medium of claim
6, further comprising: program instructions that determine
that the vehicle does not exist within a communication area
when the reception level of the second reception antenna is
less than a reference value.
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